Characterization of alpha-toxin
The genes encoding alpha-toxin (1 is independent of the toxin-acti vated PIP2-specific PLC (38) . Incubation of sheep eryth rocytes with the toxin simultaneously induces hemolysis and a reduction in the levels of SM and formation of cera mide and S1P. Little sphingosine is detected in the toxin treated cells. The extent of the hemolysis decreases as the dose of N-oleoylethanolamine, a ceramidase inhibitor, increases. The ceramide levels in the cells increase with an increase in the amount of the agent, suggesting that N-oleoylethanolamine specifically blocks the toxin-stimu lated deamidation of ceramide to sphingosine, resulting in the accumulation of ceramide and suppression of hemolysis induced by the toxin. It, therefore, is likely that sphingosine is also rapidly metabolized by treat ment with the toxin. Sphingosine is phosphorylated by sphingosine kinase. DL-threo-dihydrosphingosine and B 5354c, isolated from a novel marine bacterium (39) , both sphingosine kinase inhibitors, block the toxin-induced hemolysis and production of S1P, and cause sphingosine to accumulate.
These observations suggest that the toxin-induced activation of the SM metabolic system is closely related to hemolysis. (38) . It has been reported that the biological activities elicited by stimuli depend on S1P released from the cells. There have been several reports that SIP is produced in cells, is secreted , and then binds to endothelial differentiation gene (EDG) fam ily receptors such as EDG-1, EDG-3 and AGR16/H218 on the surface of the cell (40) . It has been reported that the binding of S1P to the receptors results in the activation of MAPK (41, 42) , inhibition of cAMP production (43, 44) , and release of Ca2+ (45) . It has been reported that S1P stimulates the release of Ca2+ from intracellular stores (46) , that it acts intracellulary to regulate the endothe lial-signal regulated kinasel/2 (ERKU2) pathway (42, 47) , and that it controls mitogenesis (48) and apoptosis (49, 50). In addition, the inhibition of ERKl/2 activation in Swiss 3T3 fibroblasts (51) and Ca2+ signals in rat mast cells by DL-threo-dihydrosphingosine has been reported to support a second messenger role for SIP in biological events (52). Accordingly, S1P has been proposed to play a role in intracellular and extracellular actions (53). Pyne and Pyne (40) reported that the key question is whether S1P can function as an intracellular second messenger, because it is possible that SiP is released from cells to act at EDG receptors.
However, even when sheep erythro cytes are incubated with the toxin, no SIP is detected outside the cells, showing that S1P is not released from cells treated with the toxin. It therefore appears that SiP plays a role in the hemolysis of cells induced by the toxin as a second messenger (Fig. 3) . 
